ABSTRACT. Fractal Minkowski patch antenna is proposed. Classical complementary split ring resonator (CSRR) is slotted on the patch. For comparison, fractal Hilbert shape split ring resonator also slotted on the patch. These slots make the patch behaves as a left-handed material in certain frequency band. Minkowski fractal antenna has three resonance frequencies. The complementary split ring resonator and Hilbert ring affects the upper two frequencies and make the antenna resonate at lower frequencies. Lowering the resonance frequencies cause a reduction in antenna size. More reduction of antenna size is obtained when fractal Hilbert is used as complementary split ring resonator. The simulated results have been done by using (HFSS) software, which is based on finite element modeling. The measurement of fabricated antenna shows good agreement with simulation results.
INTRODUCTION
Few years ago, there is an interest among electromagnetic research groups in the study of Metamaterials as they provide electromagnetic properties not find in natural materials [1] . Simultaneously negative permeability and permittivity over certain frequency range are the most important properties of interest. Veselago while studying this type of materials in 1968 [2] , he mentioned to some unique properties like negative refractive index and backward waves. Split ring resonator is one of the most known designs to get negative permeability. Several different shapes of split ring are published in literatures to achieve the requirement of negative permeability [3] [4] [5] . Classical microstrip patch antennas are the most popular antennas because of several advantages such as low profile, light weight and low cost of fabrication [6] . Antenna size is one of the most important parameters in many wireless applications. Although the microstrip antennas have low profile but it still not small enough in many wireless communication systems. Size reduction of antenna was investigated in many publications [7, 8] . Many techniques have been used to reduce antenna size, among these techniques is slotting the patch [9] , using shorting posts [10] and using high permittivity dielectric substrate [11] . Fractal shapes are considered useful technique to get reduction in size. Many fractal antenna designs were published in recent years [12, 13] . Left-handed materials are another technique for miniaturizing antenna size. Pendary was the first one who described negative permeability medium [14] . Later Smith implement first left handed material consist of periodic SRRs and long strips [15] . Recently, CSRR structure is used to reduce the microstrip antenna size [16] .
In this paper, two techniques are used to reduce microstrip square patch antenna. Applying fractal Minkowski shape to the square patch antenna is the first step of miniaturization, and then the fractal patch is loaded with two different shapes of CSRR as a second step of miniaturization. Hilbert Curve is used as complementary split ring resonator to investigate the effect of the fractal shape in size reduction. The results are compared with the classical split ring resonator. More reduction in size is obtained when Hilbert shape is slotted on the patch. Good agreement of simulated results with measurement of fabricated models. 
HILBERT RING DESIGN

Hilbert Curve was first introduced by the German mathematician David Hilbert (1862-1943).
This curve is called a space-filling curve, because it will fill the whole plane after multiple iterations as shown in Fig 1 . In Hilbert curve generation process, each successive step consists of four copies of the previous step, connected with additional line segments (the dashed lines) [17] .
MINKOWSKI ANTENNA DESIGN
The starting shape of this fractal is a square. Each of the four sides of the square is replaced by the generator. The generator is a straight segment divided into three segments, each segment is equal to one third (1/3) the length of the starting one. The middle one is removed from its place and connected with two other segments [18] . The generator is shown in Fig. 2 .
Indentation width
Fig. 2. The generator of Minkowiski Island
The two segments are tuned to adjust the overall perimeter of the fractal length. This tuning length is called the indentation width [19] . The whole shape of antenna is shown in Fig. 3 . Patch antenna etched on a substrate of dimensions 65 mm x 65 mm x 1.5 mm. The substrate material is FR4 with relative permittivity ( ). 
RESULTS AND DISCUSSION
Minkowiski fractal shape is applied to the classical square antenna to enhance its performance. Complementary Split Ring Resonator (CSRR) has been used as slot on the antenna patch to reduce its size. In this work, two shapes of Complementary Split Ring Resonators are proposed. The classical split ring and Hilbert shape ring, this is shown in Fig. 3 . Complementary
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Split Ring Resonator models are placed in a waveguide to calculate its S-parameters. From these parameters, we can calculate relative permittivity, relative permeability and refractive index. Resonances of classical ring and Hilbert ring are shown in Fig. 4 and Fig. 5 . Relative permittivity and permeability of the unit cells are shown in Fig. 6 and Fig. 7 . Refractive index of these models is shown in Fig. 8 and Fig 9 . This model is also fabricated and measured using vector network analyzer. Photograph of fabricated models is shown in Fig. 13 . Measured S-parameters are shown in Fig. 14 .
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ILCPA Volume 51 From the above figures of S-parameters, we notice a decrease in resonance frequencies of Minkowski antenna when slots are loaded on the patch. Decrease of resonance frequency that means a reduction of antenna area is obtained. Reduction of area when classical slot is loaded is equal to 18% of the Minkowski area. When Hilbert ring is slotted on the patch, we have gain a reduction of area equal to 33% for the third resonance frequency. If the antenna is used in application operate at the first resonance frequency, the reduction of area is equal to 50%. The difference of reduction of antenna area among frequency bands is refers to the fractal shape of Hilbert ring.
The classical ring is a curved segment. If we neglect its width, it has dimension equal one. Hilbert ring has fractal dimension equals 1.26. The fractal dimension that is more than classical ring dimension explains high reduction of area when Hilbert ring is loaded on the patch.
Radiation pattern of Minkowski antenna models is shown in Figs. (14-16) . 
CONCLUSION
Antenna size reduction is of great interest in wireless communication systems. Fractal shapes can reduce the classical antenna size. Applying CSRR as a slot on the patch can make reduction in antenna size. First iteration of Minkowski Island is proposed. Classical split ring resonator and Hilbert ring are slotted on the antenna patch. Calculations made using (HFSS) software code. Simulation results show a reduction in the size of the antenna equals to 18% for model loaded with classical ring. Reduction equals to 50% relative to the first frequency and 33% relative to the third frequency for model loaded with Hilbert ring. Reduction ability is related to the fractal dimension. The fractal dimension of Hilbert ring equals to 1.26 while the dimension of classical ring equals to one. Thus, more reduction of antenna is obtained when Hilbert ring is used as complementary ring resonator. These models are fabricated and measured using vector network analyzer. Good agreement obtained of measured and simulated results.
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